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Introduction

The Savannah River National Laboratory (SRNL) participates in collaborative research activities with
personnel from Pacific Northwest National Laboratory (PNNL), Argonne National Laboratory (ANL) and
Oak Ridge National Laboratory (ORNL) involving the study of glass behavior over geologic time scales. The
research areas span both modeling and experimental efforts and are funded by both DOE-EM and DOE-NE.
The purpose of this memorandum is to summarize the FY 14 DOE-EM funded activities performed by SRNL
(HQTD1005, 2014).

Modeling Task

SRNL formulated a database comprised of numerous experimental long term glass dissolution studies in FY'13
(Jantzen, 2013). This database entitled ‘Accelerated Leach Testing of GLASS (ALTGLASS)’ includes nine
studies involving either both High Level Waste (HLW) glass surrogates or Low Activity Waste (LAW)
surrogates totaling over 200 glasses. In FY14 several of the HLW data sets exhibiting either constant
long-term rates or resumption of accelearted rates were examined in detail with respect to the leachate
concentrations, the calculated gel concentrations and their relationship to the starting glass composition.
A two-part manuscript has been submitted for review to the International Journal of Applied Glass
Science (IJAGS) in September 2014. The first part paper entitled, ‘Accelerated Leach Testingof GLASS
(ALTGLASS): 1. Waste Glass Hydrogel Compositions and Accelerated Dissolution’. The second paper
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is entitled ‘Accelerated Leach Testing of GLASS: II. Leachate-Hydrogel Interactions, Glass Structure,
and Accelerated Dissolution’.

These manuscripts can be briefly summarized as follows. The durability of high level nuclear waste
(HLW) glasses must be predicted on geological time scales. Predictive modeling approaches are
currently based primarily on solution (leachate) concentrations. A compilation of long-term accelerated
laboratory leach test data, known as ALTGLASS, was analytically interrogated by hierarchical
modeling to determine how the {gel-leachate} interactions are controlled by the bulk glass composition
and structure. Compositional differences were found between the hydrogels in glasses that resume
accelerated dissolution (undesirable for long term performance) and those that do not resume accelerated
dissolution (desirable for long term performance). Alkali (preferentially Li) was retained in the
hydrogels of glasses that resumed accelerated dissolution and alkali was not retained to any great extent
in the hydrogels of glasses that did not resume accelerated dissolution. Excess alkali in the glass
appeared to cause the alkali retention in the hydrogel and caused excess strong base in the leachates to
form as a function of time for the glasses that resumed accelerated dissolution. The excess strong base,
[SB]ex, in the leachate further reacts with the hydrogel to create the undesirable zeolite phases that are
associated with glasses that resume accelerated dissolution. Glasses with no excess molar alkali did not
resume accelerated leaching: the glass generated weak acids, [WA], in the leachate solution with time
favoring gel aging into clays. Preliminary rate-determining leach layer forming exchange reactions were
hypothesized.

Experimental Tasks

Product Consistency Test Interlaboratory Study

SRNL participated in an inter-laboatory powdered glass static leach testing study led by ANL aimed at
generating data sets to access the variability involved in applying the ASTM Product Consistency Test to
standard HLW surrogate glasses. Two different standard glasses, the Approved Reference Material (ARM-1)
and a NIST Standard Reference Material (SRM-623) were used (Mellinger, 1983; Jantzen et al., 1995). Both
glasses were prepared by ANL for the various laboratories by the protocol outlined in ASTM 1285C PCT-A
which includes dry powder sieving followed by a final washing step with ultrapure ASTM Type I water and
absolute ethanol to remove fines form the powders. Samples prepared in this way are designated ‘d’ for dry
sieving. Data derived from this study will be compared to the acceptable range of PCT response using both
unwashed and limited washed powders from early tests during the development of the PCT protocol in the
1987 to 1993 timeframe (Jantzen et al., 1995). SRNL also prepared both glasses using wet sieving methods
using ultrapure ASTM Type [ water and absolute ethanol for comparison to the dry sieving/washing steps.
Samples prepared with wet sieving are designated ‘w’ for wet sieving. Another goal of this study was to
compare the PCT-A response for these two glasses using smaller size fraction subsets of the typical
(-)100/(+)200 mesh size. The smaller size fractions involved (-)100/(+)120, (-)120/(+)140 and (-)140/(+)200
sizes and were derived from resieving of a larger (-)100/(+)200 size fraction.
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Leachate data from the SRNL testing is included in Appendix A. Table A-1 shows the as analyzed leachate
concentrations. Filtered leachates were diluted using 6 mL of leachate to 4 mL of 0.4M ultrapure acid. The
dilution corrected leachate concentrations are shown in Table A-2. Leachate concentrations were then
normalized using the elemental mass fraction of each element for the SRM and the ARM glasses (See Jantzen
et al., 1995) per Equation 1 below. These data are shown in Table A-3.

NC; = Ci(sample) / f; Equation 1
where:

NC; =normalized concentration, g waste form/L leachant,

Ci(sample) = concentration of element “i” in the solution, g;/L,

fi = mass fraction of element “i” in the unleached waste form (unitless).

The NC; values were used to calculate the normalized elemental mass loss per Equation 2 below. These data
are shown in Table A-4. Data pertaining to the mass of glass and leachant used and the calculated surface areas
and surface area to volume ratios are shown in Table A-5 for the SRM glass and Table A-6 for the ARM glass.

NL; = NC; /SA/V Equation 2
where:

NL; = normalized elemental mass loss, g waste form/ m?,

NC; =normalized concentration, g waste form/L leachant, gi/L

SA/V = surface area divided by the leachate volume, m?/L

Equation 3 below was used to calculate the SA/V term for these PCT-A tests that used 1 g of glass powder to
10 mL of leachant. Densities for the SRM glass (2.24 g/cc) and the ARM glass (2.75 g/cc) were
experimentally determined by ANL personnel for this study. Mean geometric diameters for the various sieve
fractions used are 112 p for (-)100/(+)200, 137 p for (-)100/(+)120, 115 p for (-)120/(+)140 and 89.5 p for
(-)140/(+)200.

SA/V =(6xmass)/(pxd) Equation 3
where:

mass = mass of glass powder, g

p = glass density

d = mean geometric diameter for each glass powder fraction

Both the (-)100/(+)200 mesh size fractions of the dry sieved ARM and SRM glasses from ANL were analyzed
for particle size distribution at SRNL. SRNL also analyzed the wet seived size fractions (all four distributions)
for both the ARM and SRM glasses. The PSD measurements were performed on the glass powders using
a Microtrac S3500 diffraction analysis instrument. This instrument quantifies particle diameters based
on the portion of light scattered when a laser beam is projected through a fluid containing suspended
solid phase particles. The amount and direction of light scattered by the particles is measured by an
optical detector array and then analyzed to determine the PSD. The Microtrac S3500 instrument is
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capable of measuring particles with diameters between 0.24 to 1408 um. PSD results were reported on a
volume, number and area distribution basis. Volume distributions provide a means for assessing large
particles, since large particles contribute most to the volume. In contrast, number distributions provide a
means for evaluating small particles which can be abundant but contribute little to the volume. Mean
particle diameters associated with the volume distributions and number distributions were also
calculated and reported. The mean particle diameter associated with the volume distribution is denoted
as ‘mv’ and represents the “center of gravity” of the distribution. This quantity is considered the average
particle size contributing to the volume. The mean particle diameter associated with the number
distribution is denoted as ‘mn’ and represents the average particle size contributing to the population.
Details of relating PSD results measured on acircular particles relative to the mean distributions
expected from sieve openings (geometric diameters) are discussed in a Microtrac reference document
(Plantz, 2007).

Appendix B gives the summarized PSD results and some representative PSD distributions measured for
the (-)100/(+)200 mesh size fractions of the dry sieved and wet sieved ARM glass.

The PCT data shown in Appendix A and all PSD data will be assessed by ANL personnel, along with data
from other participating labs and presented at the upcoming 2014 Material Research Society meeting (Ebert,
2014).

Measurement of Viscosity for Internaional Standard Glass

SRNL led a program in 2012 to fabricate a six-component International Simple Glass (ISG) that could be used
by United States and international researchers as a common glass for various studies related to the long term
behavior over geologic time scales (Marra et al., 2012). Numerous 500-g blocks of this glass have been
distributed world-wide for this purpose including past international collaborative workshops held at American
Ceramic Society meetings of the Glass and Optical Materials Division (GOMD ’12 (St. Louis), GOMD ’13
(San Diego) and GOMD’14 in Aachen, Germany. SRNL received a request from PNNL personnel in 2014 for
viscosity measurements on the ISG glass.

Viscosity measurements were performed on the ISG in FY2014 at SRNL using a Harrop high temperature
viscometer as described in Schumacher et al., 2000. Initial measurements involved the sequence using a
histeresis loop that started at the known processing melt temperature of the ISG glass at 1300 °C.  The
viscosity was measured in 25 °C increments up to 1400 °C, then measurements were made at 1300 °C in
decreasing 25 °C increments through 1200 °C, followed by final measurements at 1156 °C and 1300 °C. Data
for these measurements is shown in Table 1 and the measured viscosity vs. temparature is shown in Figure 1.
A different method was also applied with a separate sample of the ISG glass that started viscosity
measurements above the melt temperature at 1325 °C, with successive decreasing increments of 25 °C, down to
a final temparature of 1125 °C. Data from the latter viscosity decreasing temperature method are shown in
Table 2 and the viscosity vs. temperature plot is shown in Figure 2.
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Table 1. Viscosity Data for Historesis Measurement Method
Sample | Rotation. | Brook. Spindle Meas.
Temp. Speed Torque Const. | Viscosity
(©) (RPM) (%) (K) (Poise)
1302 60 28.9 96.02 46.25
1324 60 24.9 95.59 39.67
1348 60 21.2 95.12 33.61
1373 60 18.7 94.62 29.54
1400 60 16.6 94.09 26.03
1297 60 353 96.12 56.61
1277 60 41.9 96.52 67.40
1251 30 26.5 97.04 85.72
1227 30 33.1 97.51 107.70
1206 30 40.2 97.92 131.21
1156 12 27.2 98.92 223.93
1301 60 353 96.04 56.50
-
ISG
10000.00
—e—ISG
£ 1000.00
g
>
100.00
10.00
850 950 1050 1150 1250 1350 1450
Temperature (C)

Figure 1. Plot of Viscosity vs. Temperature for the Historesis Method
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Table 2. Viscosity Data for Decreasing Temperature Method
Sample | Rotation. | Brook. | Spindle Meas.
Temp. Speed Torque Const. | Viscosity
© (RPM) (%) X) (Poise)
1324 30 12.8 95.59 40.89
1274 30 18.6 96.58 59.82
1225 30 28.1 97.55 91.42
1176 30 44.2 98.51 145.09
1125 12 30.9 99.52 255.99
1075 12 56.1 100.50 469.99
1024 6 59.1 101.52 999.39
/
10000.00
g 1000.00
£
2
100.00
10.00
850 950 1050 1150 1250 1350 1450
Temperature (C)
o

Figure 2. Plot of Viscosity vs. Temperature for the Decreasing Temperature Method
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Appendix A

PCT Data
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Table A-1. As Analyzed PCT Leachate Concentrations, mg/L

Al B Ca Li Na Si
Blk-1 <0.100 <0.100 0.092 <1.00 <1.00 <0.100
Blk-2 <0.100 <0.100 0.109 <1.00 <1.00 <0.100

SRM-d-100/200-1 0.918 1.68 0.258 NA 3.94 17.9
SRM-d-100/200-2 1.09 1.74 0.211 NA 3.96 18.9
SRM-d-100/200-3 1.02 1.70 0.136 NA 3.92 18.9
SRM-w-100/200-1 0.967 1.83 0.182 NA 4.14 19.0
SRM-w-100/200-2 1.08 2.03 0.230 NA 4.39 20.5
SRM-w-100/200-3 1.11 2.00 0.177 NA 4.34 20.3
SRM-w-100/120-1 0.821 1.42 0.301 NA 3.42 16.4
SRM-w-100/120-2 0.866 1.43 0.239 NA 3.44 16.6
SRM-w-100/120-3 0.817 1.39 0.282 NA 3.45 16.4
SRM-w-120/140-1 0.893 1.59 0.147 NA 3.80 18.5
SRM-w-120/140-2 0.932 1.51 0.464 NA 3.77 17.4
SRM-w-120/140-3 0.920 1.58 0.202 NA 3.78 18.4
SRM-w-140/200-1 0.915 1.69 0.169 NA 4.04 19.1
SRM-w-140/200-2 0.955 1.67 0.197 NA 4.02 19.3
SRM-w-140/200-3 0.947 1.74 0.211 NA 4.01 19.3
ARM-d-100/200-1 2.46 8.15 0.160 6.80 18.5 345
ARM-d-100/200-2 2.49 8.53 0.127 6.96 19.0 35.2
ARM-d-100/200-3 2.48 8.74 0.188 7.08 19.3 355
ARM-w-100/200-1 2.83 8.96 0.436 7.65 19.9 35.1
ARM-w-100/200-2 2.69 9.39 0.192 7.81 20.4 36.0
ARM-w-100/200-3 2.73 9.58 0.253 8.01 21.0 37.2
ARM-w-100/120-1 2.72 8.13 0.154 6.59 17.7 32.7
ARM-w-100/120-2 2.46 8.06 0.161 6.60 17.8 32.6
ARM-w-100/120-3 3.80 7.84 0.151 6.48 17.4 32.1
ARM-w-120/140-1 2.63 8.91 0.295 7.35 19.5 35.2
ARM-w-120/140-2 2.54 8.63 0.141 7.21 19.1 344
ARM-w-120/140-3 243 8.60 0.107 7.08 18.5 334
ARM-w-140/200-1 3.58 9.76 0.188 8.36 21.5 36.8
ARM-w-140/200-2 2.88 10.3 0.129 8.53 222 38.1
ARM-w-140/200-3 2.94 10.6 0.271 8.81 23.0 39.7
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Table A-2. Dilution Corrected PCT Leachate Concentrations, mg/L

Al B Ca Li Na Si
SRM-d-100/200-1 1.53 2.80 0.43 NA 6.57 29.87
SRM-d-100/200-2 1.81 291 0.35 NA 6.60 31.51
SRM-d-100/200-3 1.69 2.83 0.23 NA 6.54 31.46
SRM-w-100/200-1 1.61 3.05 0.30 NA 6.90 31.66
SRM-w-100/200-2 1.81 3.38 0.38 NA 7.31 34.23
SRM-w-100/200-3 1.85 333 0.29 NA 7.23 33.80
SRM-w-100/120-1 1.37 2.36 0.50 NA 5.69 27.25
SRM-w-100/120-2 1.44 2.39 0.40 NA 5.73 27.61
SRM-w-100/120-3 1.36 2.32 0.47 NA 5.74 27.31
SRM-w-120/140-1 1.49 2.65 0.24 NA 6.34 30.85
SRM-w-120/140-2 1.55 2.51 0.77 NA 6.28 29.00
SRM-w-120/140-3 1.53 2.63 0.34 NA 6.30 30.73
SRM-w-140/200-1 1.52 2.82 0.28 NA 6.73 31.89
SRM-w-140/200-2 1.59 2.79 0.33 NA 6.69 32.15
SRM-w-140/200-3 1.58 2.89 0.35 NA 6.68 32.23
ARM-d-100/200-1 4.09 13.58 0.27 11.34 30.83 57.53
ARM-d-100/200-2 4.15 14.22 0.21 11.59 31.71 58.66
ARM-d-100/200-3 4.14 14.57 0.31 11.80 32.22 59.13
ARM-w-100/200-1 4.71 14.93 0.73 12.75 33.23 58.42
ARM-w-100/200-2 4.48 15.65 0.32 13.02 34.01 59.93
ARM-w-100/200-3 4.55 15.97 0.42 13.35 35.06 61.93
ARM-w-100/120-1 4.53 13.55 0.26 10.98 29.50 54.51
ARM-w-100/120-2 4.10 13.43 0.27 10.99 29.73 54.37
ARM-w-100/120-3 6.34 13.07 0.25 10.80 28.98 53.51
ARM-w-120/140-1 4.39 14.85 0.49 12.25 32.44 58.70
ARM-w-120/140-2 4.23 14.39 0.24 12.01 31.86 57.38
ARM-w-120/140-3 4.05 14.34 0.18 11.79 30.83 55.60
ARM-w-140/200-1 5.97 16.26 0.31 13.93 35.82 61.35
ARM-w-140/200-2 4.80 17.10 0.22 14.22 36.95 63.50
ARM-w-140/200-3 491 17.69 0.45 14.69 38.35 66.11
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Table A-3. Normalized Concentration Data, g/L

Al B Ca Li Na Si
SRM-d-100/200-1 4.59E-02 8.43E-02 8.61E-02 NA 1.38E-01 8.75E-02
SRM-d-100/200-2 5.43E-02 8.75E-02 7.03E-02 NA 1.39E-01 9.23E-02
SRM-d-100/200-3 5.07E-02 8.51E-02 4.54E-02 NA 1.38E-01 9.22E-02
SRM-w-100/200-1 4.83E-02 9.17E-02 6.07E-02 NA 1.45E-01 9.28E-02
SRM-w-100/200-2 5.42E-02 1.02E-01 7.65E-02 NA 1.54E-01 1.00E-01
SRM-w-100/200-3 5.56E-02 1.00E-01 5.88E-02 NA 1.52E-01 9.91E-02
SRM-w-100/120-1 4.10E-02 7.10E-02 1.00E-01 NA 1.20E-01 7.99E-02
SRM-w-100/120-2 4.33E-02 7.19E-02 7.96E-02 NA 1.21E-01 8.09E-02
SRM-w-100/120-3 4.09E-02 6.99E-02 9.39E-02 NA 1.21E-01 8.00E-02
SRM-w-120/140-1 4.46E-02 7.98E-02 4.89E-02 NA 1.33E-01 9.04E-02
SRM-w-120/140-2 4.66E-02 7.56E-02 1.54E-01 NA 1.32E-01 8.50E-02
SRM-w-120/140-3 4.60E-02 7.92E-02 6.73E-02 NA 1.33E-01 9.01E-02
SRM-w-140/200-1 4.57E-02 8.49E-02 5.63E-02 NA 1.42E-01 9.34E-02
SRM-w-140/200-2 4.77E-02 8.39E-02 6.58E-02 NA 1.41E-01 9.42E-02
SRM-w-140/200-3 4.73E-02 8.71E-02 7.03E-02 NA 1.41E-01 9.44E-02
/i SRM Glass 3.33 3.323 0.50 NA 4.75 34.12
ARM-d-100/200-1 1.38E-01 3.87E-01 1.67E-02 4.81E-01 4.30E-01 2.65E-01
ARM-d-100/200-2 1.40E-01 4.05E-01 1.33E-02 4.91E-01 4.42E-01 2.70E-01
ARM-d-100/200-3 1.40E-01 4.15E-01 1.97E-02 5.00E-01 4.49E-01 2.72E-01
ARM-w-100/200-1 1.59E-01 4.25E-01 4.56E-02 5.40E-01 4.63E-01 2.69E-01
ARM-w-100/200-2 1.51E-01 4.46E-01 2.01E-02 5.52E-01 4.74E-01 2.76E-01
ARM-w-100/200-3 1.54E-01 4.55E-01 2.64E-02 5.66E-01 4.89E-01 2.85E-01
ARM-w-100/120-1 1.53E-01 3.86E-01 1.61E-02 4.65E-01 4.11E-01 2.51E-01
ARM-w-100/120-2 1.38E-01 3.83E-01 1.68E-02 4.66E-01 4.14E-01 2.50E-01
ARM-w-100/120-3 2.14E-01 3.73E-01 1.58E-02 4.58E-01 4.04E-01 2.46E-01
ARM-w-120/140-1 1.48E-01 4.23E-01 3.08E-02 5.19E-01 4.52E-01 2.70E-01
ARM-w-120/140-2 1.43E-01 4.10E-01 1.48E-02 5.09E-01 4.44E-01 2.64E-01
ARM-w-120/140-3 1.37E-01 4.09E-01 1.12E-02 5.00E-01 4.30E-01 2.56E-01
ARM-w-140/200-1 2.02E-01 4.63E-01 1.97E-02 5.90E-01 4.99E-01 2.82E-01
ARM-w-140/200-2 1.62E-01 4.87E-01 1.35E-02 6.02E-01 5.15E-01 2.92E-01
ARM-w-140/200-3 1.66E-01 5.04E-01 2.84E-02 6.22E-01 5.35E-01 3.04E-01
/i ARM Glass 2.96 3.51 1.59 2.36 7.17 21.74
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Table A-4. Normalized Elemental Mass Loss Data, g/m?

Al B Ca Li Na Si
SRM-d-100/200-1 1.92E-02 | 3.52E-02 | 3.60E-02 NA 5.78E-02 | 3.66E-02
SRM-d-100/200-2 2.27E-02 | 3.65E-02 | 2.94E-02 NA 5.81E-02 | 3.86E-02
SRM-d-100/200-3 2.12E-02 | 3.56E-02 | 1.90E-02 NA 5.76E-02 | 3.86E-02
SRM-w-100/200-1 2.02E-02 | 3.83E-02 | 2.54E-02 NA 6.08E-02 | 3.88E-02
SRM-w-100/200-2 226E-02 | 425E-02 | 3.20E-02 NA 6.43E-02 | 4.19E-02
SRM-w-100/200-3 232E-02 | 4.18E-02 | 2.46E-02 NA 6.36E-02 | 4.14E-02
SRM-w-100/120-1 2.10E-02 | 3.63B-02 | 5.12E-02 NA 6.13E-02 | 4.08E-02
SRM-w-100/120-2 221E-02 | 3.67E-02 | 4.06E-02 NA 6.16E-02 | 4.13E-02
SRM-w-100/120-3 2.09E-02 | 3.58E-02 | 4.80E-02 NA 6.19E-02 | 4.09E-02
SRM-w-120/140-1 1.92E-02 | 3.43E-02 | 2.10E-02 NA 5.73E-02 | 3.88E-02
SRM-w-120/140-2 2.00E-02 | 3.25E-02 | 6.64E-02 NA 5.68E-02 | 3.65E-02
SRM-w-120/140-3 1.97E-02 | 3.40E-02 | 2.89E-02 NA 5.70E-02 | 3.87E-02
SRM-w-140/200-1 1.53E-02 | 2.84E-02 | 1.88E-02 NA 4.74E-02 | 3.12E-02
SRM-w-140/200-2 1.59E-02 | 2.80E-02 | 2.19E-02 NA 4.71E-02 | 3.14E-02
SRM-w-140/200-3 1.58E-02 | 2.91E-02 | 2.35E-02 NA 4.70E-02 | 3.15E-02
ARM-d-100/200-1 7.11E-02 | 1.99E-01 | 8.58E-03 2.47E-01 2.21E-01 | 1.36E-01
ARM-d-100/200-2 7.19E-02 | 2.08B-01 | 6.83E-03 2.52E-01 2.27E-01 | 1.38E-01
ARM-d-100/200-3 7.17E-02 | 2.13E-01 | 1.01E-02 2.56E-01 2.30E-01 | 1.39E-01
ARM-w-100/200-1 8.16E-02 | 2.18E-01 | 2.34E-02 2.77E-01 2.38E-01 | 1.38E-01
ARM-w-100/200-2 7.78E-02 | 2.29B-01 | 1.03B-02 2.83E-01 243E-01 | 1.42E-01
ARM-w-100/200-3 7.90E-02 | 234B-01 | 1.36E-02 2.91E-01 251E-01 | 1.46E-01
ARM-w-100/120-1 9.61E-02 | 2.42E-01 | 1.01E-02 2.92E-01 2.58E-01 | 1.57E-01
ARM-w-100/120-2 8.70E-02 | 2.40E-01 | 1.06E-02 2.93E-01 2.60E-01 | 1.57E-01
ARM-w-100/120-3 1.35E-01 | 2.34E-01 | 9.92E-03 2.87E-01 2.54E-01 | 1.55B-01
ARM-w-120/140-1 7.82E-02 | 2.23B-01 | 1.62B-02 2.74E-01 2.38E-01 | 1.42E-01
ARM-w-120/140-2 7.55E-02 | 2.16E-01 | 7.79E-03 2.69E-01 2.34E-01 | 1.39E-01
ARM-w-120/140-3 7.22E-02 | 2.15B-01 | 5.90E-03 2.63E-01 2.27E-01 | 1.35B-01
ARM-w-140/200-1 8.27E-02 | 1.90E-01 | 8.06E-03 2.42E-01 2.05E-01 | 1.16E-01
ARM-w-140/200-2 6.66E-02 | 2.00E-01 | 5.54E-03 2.47E-01 2.11E-01 | 1.20E-01
ARM-w-140/200-3 6.80E-02 | 2.07E-01 | 1.16E-02 2.55E-01 2.19E-01 | 1.25E-01
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Table A-5. SRM PCT Data and Leachate pH

SRM-d-100/200-

SRM-d-100/200-

SRM-d-100/200-

SRM-w100/200-

Sample ID 1 ! ! ! SRM-w- 21 00/200- SRM-W-31 00/200-
Vessel ID 288 318 319 320 362 366
pH 8.76 8.79 8.79 8.97 9.10 9.05
Empty mass (g) 123.341 122.737 120.422 122.946 122.805 123.417
Mass w/ glass (g) 124.342 123.738 121.422 123.946 123.806 124.418
Mass w/ water + glass
(g) 134.342 133.739 131.424 133.947 133.808 134.417
Mass (g) 1.001 1.001 1.000 1.000 1.001 1.001
Vol. (em’) 10.000 10.001 10.002 10.001 10.002 9.999
Vol./mass (cm*/g) 9.990 9.991 10.002 10.001 9.992 9.989
SA, em’ 239.4 239.4 239.2 239.2 239.4 239.4
SA/V, m! 2394.0 2393.7 2391.1 2391.3 2393.5 2394.2
Sample ID SRM-w-100/120 SRM-w- SRM-w-100/120- | SRM-w120/140- | SRM-w-120/140- | SRM-w-120/140- | SRM-w-140/200- | SRM-w-140/200- | SRM-w-140/200-
-1 100/120-2 3 1 2 3 1 2 3
Vessel ID 368 370 B235 P93 P110 P112 P113 Pl114 P115
pH 8.65 8.82 8.68 8.59 8.63 8.71 8.81 8.76 8.81
Empty mass (g) 121.745 122.615 120.960 121.659 121.062 120.940 120.626 121.061 121.326
Mass w/ glass (g) 122.746 123.617 121.960 122.659 122.061 121.940 121.626 122.062 122.327
Mass w/ water + glass
(g) 132.746 133.617 131.962 132.660 132.064 131.941 131.628 132.060 132.327
Mass (g) 1.001 1.002 1.000 1.000 0.999 1.000 1.000 1.001 1.001
Vol. (cm’) 10.000 10.000 10.002 10.001 10.003 10.001 10.002 9.998 10.000
Vol./mass (cm*/g) 9.990 9.980 10.002 10.001 10.013 10.001 10.002 9.988 9.990
SA, e’ 195.7 195.9 195.5 232.9 232.7 232.9 299.3 299.6 299.6
SA/V, m! 1957.1 1959.1 1954.8 2329.0 2326.2 2329.0 2992.2 2996.4 2995.8
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Table A-6. ARM PCT Data and Leachate pH

Sample ID

ARM-d-100/200-

ARM-d-100/200-

ARM-d-100/200-

ARM-w-100/200-

ARM-w-100/200-

ARM-w-100/200-

1 2 3 1 2 3
Vessel ID P124 P133 P144 P146 P151 P152
pH 10.33 10.32 10.26 10.28 10.30 10.31
Empty mass (g) 121.002 121.430 121.192 121.295 121.478 119.850
Mass w/ glass (g) 122.001 122431 122.193 122.296 122.478 120.850
Mass w/ water + glass
(g) 132.003 132.433 132.192 132.295 132.480 130.852
Mass (g) 0.999 1.001 1.001 1.001 1.000 1.000
Vol. (em?) 10.002 10.002 9.999 9.999 10.002 10.002
Vol./mass (cm*/g) 10.012 9.992 9.989 9.989 10.002 10.002
SA, e’ 194.6 195.0 195.0 195.0 194.8 194.8
SA/V, m’! 1945.7 1949.6 1950.2 1950.2 1947.7 1947.7
Sample ID ARM-w-100/120- | ARM-w-100/120- | ARM-w-100/120- | ARM-w-120/140- | ARM-w-120/140- | ARM-w-120/140- | RM-w-140/200- | RM-w-140/200- | RM-w-140/200-
1 2 3 1 2 3 1 2 3
Vessel ID P159 P183 P185 P186 P187 P188 P189 P190 P191
pH 10.24 10.31 10.29 10.37 10.33 10.30 10.33 10.37 10.37
Empty mass (g) 120.746 121.207 120.008 123.061 121.322 122.478 120.193 121.174 120.869
Mass w/ glass (g) 121.746 122.207 121.008 124.061 122321 123.478 121.194 122.174 121.870
Mass w/ water + glass
(2) 131.747 132.208 131.010 134.061 132323 133.477 131.192 132.175 131.870
Mass (g) 1.000 1.000 1.000 1.000 0.999 1.000 1.001 1.000 1.001
Vol. (cm’) 10.001 10.001 10.002 10.000 10.002 9.999 9.998 10.001 10.000
Vol./mass (cm’/g) 10.001 10.001 10.002 10.000 10.012 9.999 9.988 10.001 9.990
SA, e’ 159.3 159.3 159.3 189.7 189.5 189.7 244.0 243.8 244.0
SA/V, m’! 1592.4 1592.4 1592.2 1897.2 1895.0 1897.4 2440.7 24375 2440.2
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Appendix B

Particle Size Distribution Data
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Tables B-1 and B-2 show the expected mean particle size for each sieve range along with the measured
mean particle sizes from the various PSD analyses for the ARM and SRM glass powders, respectively.
Each size fraction was analyzed using the volume distribution in both absorbance and transparent
mode, followed by the number distribtution and the area distribution. Very little difference was noted
in the PSD data between the absorbance mode and transparent mode for any of the three distributions
(Volume, Number or Area). The range of measured mean particle sizes for each measurement are
compared to the geometric mean. These data show that both the mean particle sizes for both the
volume and area distributions are higher than the geometric mean, whereas the number distribution
mean particle sizes are in good agreement with the geometric mean. Example PSD data are shown for
the dry sieved (-)100/(+)200 mesh size fractions ARM glass (six spectra/data sets summarized in the ANL
ARM dry sieved row of Table B-1) as Figures B-1 thorugh B-6. Similar data for the wet sieved
(-)100/(+)200 mesh size fractions ARM glass (six spectra/data sets summarized in the SRNL ARM wet
sieved row of Table B-1) are shown in Figures B-7 through B-12. Plots of the ‘% Passing’ vs. micron size for
all of the volume and area distribution PSDs incidate a gaussian, single mode distribution for the dry sieved
and washed, or the wet sieved preparations. These data indicate that either preparation method appears to
adequately remove the fines generated in grinding of the glasses to produce powders for the static leach tests.
Plots of the number distributions show a larger percentage passing at the lower particle sizes, i.e., slightly non-
gaussian, and an abrupt cut-off at the lower size tail of the distrbution (Figures B-3, B-4 and Figures B-9 and
B-10).
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Table B-1. PSD Data Summarized for ARM Glass

ANL - ARM Volume (Abs.&Trans.) Number (Abs.&Trans.) Area (Abs.&Trans.)
(dry sieve, wash) 50 Percentile Vol Ratio 50 Percentile Num Ratio 50 Percentile Area Ratio
Mean (u) Mesh Measured Meas./Calc. Measured Meas./Calc. Measured Meas./Calc.
112 100/200 157 - 158 1.41 113-119 1.04 144-145 1.30
137 100/120 173-174 1.27 144-145 1.05 163-164 1.19
115 120/140 148 1.29 119-121 1.04 137-138 1.20
89.5 140/200 119-120 1.34 91-93 1.03 109-110 1.22
SRNL - ARM Volume (Abs.&Trans.) Number (Abs.&Trans.) Area (Abs.&Trans.)
(wet sieve, no wash) 50 Percentile Vol Ratio 50 Percentile Num Ratio 50 Percentile Area Ratio
Mean () Measured Meas./Calc. Measured Meas./Calc. Measured Meas./Calc.
112 100/200 151-152 1.36 107-113 0.99 138-140 1.25
137 100/120 174 - 175 1.27 144-145 1.05 163-164 1.19
115 120/140 150-151 1.31 121-122 1.06 140 1.22
89.5 140/200 119 1.33 91-93 1.03 109-110 1.22
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Table B-2. PSD Data Summarized for SRM Glass

ANL - SRM Volume (Abs.&Trans.) Number (Abs.&Trans.) Area (Abs.&Trans.)
(dry sieve, wash) 50 Percentile Vol Ratio 50 Percentile Num Ratio 50 Percentile Area Ratio
Mean (W) Measured Meas./Calc. Measured Meas./Calc. Measured Meas./Calc.
112 100/200 150-152 1.35 111-116 1.02 138-140 1.25
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
SRNL - SRM Volume (Abs.&Trans.) Number (Abs.&Trans.) Area (Abs.&Trans.)
(wet sieve, no wash) 50 Percentile Vol Ratio 50 Percentile Num Ratio 50 Percentile Area Ratio
Mean (W) Measured Meas./Calc. Measured Meas./Calc. Measured Meas./Calc.
112 100/200 157 141 113-118 1.04 143-145 1.29
137 100/120 173-174 1.27 141-143 1.04 162-163 1.19
115 120/140 144-145 1.26 116-117 1.01 135-136 1.18
89.5 140/200 116-117 1.30 90-92 1.02 107-108 1.20
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Figure B-1. ARM (-)100/(+)200 mesh, dry sieved, volume
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Prograssion: Geom § Rool Fur Num: Mg ol 3 Fiusid Raf. bwduz: 1.333 Loadirg Factor: DEME
ofrag ARM 100-200 mesh green tube t"’“"s"" 2 fancnZIMPORD AR, MameRenss: 2 e 288
ower Edige 0.243 Transpararey Atsorbing Balow Ruesidual L] RME Resicual: 6.25E-03
y.ﬁ.' Crawford Faesid uals: Dizsablod Pt Raf, bndks WA Flow: AD%
‘.- W Channels: 00 Part. Ehape: Iregular Coll 1D 0595 Usonic Power; A
‘ J Anvalyss Mods] SI000 Usanic Tima: A
e 2014/04/24 10:16 §3000/$3500 o R YT i Qrr— T T
10.3.0 83754 Analysis Gaind  Befault Botabass 1 Brogram Fila=s FLEX 40,3, \pmcl-201 M08
Data ltem Value Sizeum)  %Tie Tk Slzedum) Dia Vol% wWidth Sizelum)| %Chan | % Pass | Slzelum] | % Chan | % Pass | Sizefum) | %Chan | % Pass | Sizefum) | %Chan | % Pass
2800 .80 10.00 107.0 157.4 100.0 85.44 14108 0.00 | 100.00| 7400 053 173 3.89 000 0.00
MV {um): 166.2 1291 | 0.00 [100.00| 6786 | 038 | 120 | 357 | 0.00 | 0.00
] 160 | 176 184 | 000 10000 €223 | 028 | 082 | 327 | 000 | 0.00
MN(um): 1162 25.00 1298 1086 | 0.00 | 100.00 5706 | 0.22 | 054 | 2889 | 000 | 0.00
MA(um): | 149.3 000 | 1462 995.6 | 0.00 | 100.00| 5233 | 019 | 032 | 2750 | 0.00 | 0.00
913.0 | 0.00 [100.00| 4798 | 043 | 013 | 2522 | 0.00 | 0.00
cs: 4.00E-02 :z B4 837.2 | 0.00 |100.00| 44.00 | 000 | 000 | 2312 | 000 | 0.00 |
sD: 47.72 1042 767.7 | oo 10000 4035 | 000 | ooo | 2121 | 000 | o000
Foo0 | 1835 7040 | 000 [100.00] 3700 | 0.00 000 | 1345 | 000 | 000
7500 | 1924 6456 | 0.00 100.00| 3393 | 000 | 000 | 1783 | 0.00 | 0.00
90,00 21853 592.0 | 0.00 |100.00] 341 | 0.00 | 000 | 1635 | 0400 | 0.00
wor | 2087 542.9 | 000 |100.00 2853 | 0.00 | 000 | 1498 | 0.00 | 000
497.8 | 043 [100.00| 2646 | 0.00 000 | 1376 | 0.00 | 0.00
4565 | 022 | 99.87 | 2399 | 0.00 000 | 1261 | 0.00 | 0.00
4186 | 032 | 9965 2200 | 000 000 | 1156 | 0.00 | 0.00
383.9 | 048 | 99.33 | 2047 | 0.00 | 000 | 1.060 | 0.00 | 000 |
3520 | 074 | 98.85 | 1850 | 0.00 000 | 0.972 | 0.0 | 000 |
3228 1.16 98.11 1696 0o 0.00 0.892 000 0.00
295.0 | 177 | 96.95 | 1556 | 0.00 000 | 0848 | 0.00 | 0.00
2714 | 270 | 9548 | 1427 | 000 | 000 | 0750 | 0.00 | 000
2480 | 401 | 9248 1308 | 0.00 | 000 | 0688 | 0.00 | 0.00
2082 | 571 | §8.47 | 1200 | 0.00 | 0.00 | 0630 | 000 | 000
209.3 | 7.86 | 8276 | 1100 | 0.00 | 0.00 | 0578 | 000 | 0.00
1919 9.80 7490 10.0% 0.00 0.00 0.530 000 0.00
176.0 | 1151 | 6510 | 9.25 000 000 | 0486 | 0.00 | 0.00
1614 | 1199 | 53.59 | 848 | 000 | 0.00 | 0446 | 000 | 000
Tt 148.0 | 1122 4160 778 | 000 | 000 | 0408 | 000 | 0.00
10 135.7 | 9.55 | 3038 | 743 | 0.00 | 000 | 0375 | 000 | .00
Size{mictons)
1245 | 7.06 | 7083 | 654 | 000 | 0.00 | 0.344 | 0.00 | 0.00
1144 | 493 | 1380 | 600 | 000 | 000 | 0315 | 000 | 000
1047 | 315 | 687 | 550 | 000 | ooo | o2se0 | 000 | o000
9596 | 136 | 572 | 504 | 000 000 | 0.2650 | 0.00 | 0.00
8800 | 124 | 396 | 4.62 | 000 0.00
8070 | 0.79 | 252 | 424 | 000 | 000
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- Particle Size Analysis -

Disdribution: Wolume Run Tena: 30 S Fluid WATER
Progression: Gesm & Root R Hum Aug ol 3 Flusic R of, Indax: 1.333 LaadngFactor] [
otras ARM 100-200 mesh green tube SpwrEtary 1A% D TRANS MRy . Tonimiser) S0
gj ,65 Lower Edpe: 0241 Tra Blziow Residual. 0 RMS Resicual; 678200
1‘_. Crawford Residusls:  Disabled | Part Ref, 183 . Flow]  40%
Murn. Channels: 100 Part, Shage: Irregubae Cull D 0585 Upenic Pewr )
Q 0; Anvabpais Mode: 3000 Usorie Time Mk
o 2014/04/24 10:22 $3000/$3500 ruerl cmbws | oomecosl om et —m
10.3.0 83754 | kmalysis Gain: Defauit ‘Program e FLEX 10,3, 2MDE
Data ltem Value Sizeum)  %TiE 2% Tk Size{um) Dia Vol% wWidth Sizejum) | %Chan | % Pass | Sizejum] | % Chan | % Pass | Sizelum) | %Chan | % Pass | Sizefum) | %Chan | % Pass.
wee | s 000 . 552 | 1000 | s41s 1408 | 0.00 |100.00| 7400 | 046 | 147 | 3.89 | ow0 | 0.0
MV {um): 167.3 1294 | 0.00 10000 6786 | 032 071 | 357 | 000 | 0.00
. — 1183 184 | 0.00 |100.00| 6223 | 024 | 039 | 327 | 0.00 | 0.00 |
MN{um): 123.4 25.00 1303 1086 | 0.0 | 100.00 5706 | 045 | 045 | 2899 | 0.00 | 0.00
MA{um): 151.6 40.00 1474 995.6 | 0.00 10000 5233 | 0.00 000 | 2750 | 0.00 | 0.00
913.0 | 0.00 | 100.00 4798 | 0.00  0.00 | 2522 | 0.00 | 0.0
CS: | 4.00E-02 x: 1583 B37.2 | 0.00 |100.00| 4400 | 0.00 | 0.00 | 2312 | 000 | 0.00 |
sSD: 47.08 L T6T.T 0.00 |100.00 4035 0.00 0.00 2121 0.00 0.00
70.00 | 1842 7040 | 0.00 | 10000 3700 | 000 | 000 | 1345 | 0.0 | 000 |
75.00 1928 6456 | 0.00 |100.00| 3353 | 0.00 | 0.00 | 1783 | 0400 | 0.00 |
0.00 2354 5920 | 0.00 (10000 3141 | 0.00 | 000 | 1635 | 0.00 | 0.00
w0 | 2693 5429 | 0.00 |100.00] 2853 | 0.00 000 | 1499 | 000 | 0.00
497.8 | 042 | 100.00| 2646 | 0.00  0.00 | 1375 | 0.00 | 0.0
456.5 | 0.21 | 99.88 | 2399 | 0.00 000 | 1261 | 0.00 | 0.00
20 4186 | 031 | 9967 | 2200 000 000 | 4456 | 000 | 0.00
3839 | 0.47 | 9936 | 2047 | 0.00 | 0.00 | 1060 | 0.00 | 0.00 |
3520 | 0.74 | 98.89 | 1850 | 0.00 000 | 0972 | 0.00 | 0.00 |
322.8 1.15 88.15 1696 0.0 0.00 0892 0.00 0.00
296.0 | 178 | 97.00 | 1556 | 0.00  0.00 | 0.818 | 0.00 | 0.0
2 T 2714 | 273 | 9522 | 1427 | 0.00 | 000 | 0750 | 000 | 0.00
g =10 E 2489 | 408 | 9249 | 1308 | 000 000 | O68E | 000 | 0.00
% = 228.2 | 583 | 8841 | 1200 | 0.00 000 | 0630 | 000 | 0.0
. ‘ 2093 | 804 | 8258 1100 | 0.00 | 000 | 0578 | 0.0 | 0.00 |
191.9 | 1002 | 74.54 10.0% 0.00 0.00 0.530 0.00 0.00
1760 | 1175 | 6452 | 925 | 0.00 00D | 0486 | 000 | 0.00
1614 | 1248 | 5277 | 848 | 0.00 | 000 | 0446 | 0.00 | 0.00 |
L T 1480 | 1132 | 4059 | 7.78 | 0.00 000 | 0408 | 0.00 | 0.00
01 1 10 100 1,000 10,000 1357 | 957 | 2027 | 7.43 | 000 | ooo | 0375 | 000 | 0.0
Size(micions)
1245 | 697 | 1970 | 6.54 | 0.00 | 000 | 0344 | 000 | 0.00
1149 | 482 | 1273 | 6.00 | 0.00 | 000 | 0315 | 000 | 0.00
1047 | 304 | 791 | 550 | 000 | ooo | 02890 | 000 | 0.0
DiH20 95 96 1.85 4,87 5.04 0.00 0.00 02650 0.00 0.00
8800 | 144 | 3.02 | 462 | 000 0.0
8070 | 071 | 188 | 424 | 0.00 | 0.00

Figure B-2. ARM (-)100/(+)200 mesh, dry sieved, volume distribution, transparent mode
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Figure B-3. ARM (-)100/(+)200 mesh, dry sieved, number distribution, absorbance mode
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1 0.3 ﬂ 53754 Analysis Gain: Defauit Database:C Program FilesWhcrotras FLEX 10.3.00Dat sbasasipsd-201 2 MDE
Data Rem| _Value S| AT || TR SR LB e IR e [ ate [wosil 7ese [ ass [ mas] ase [am [oa | LT
MV {um): 166.3 Dom 1 ew ::: :;: ::E: s:: ‘::: 1281 | 0.00 [100.00 | 6786 | 347 | 1582 | 357 | 0.00 | 0.00
. : : : 4184 | 0.00 |100.00 | 6223 | 280 | 1275 | 3.27 | 0.00  0.00
MN{um): | 116.1 2500 | 8319 1025 | 000 |100.00| 5706 | 345 | 976 | 2898 | 000 | 0.00 |
MA{um): = 149.2 4000 | 1028 9956 | 0.00 [100.00 5233 | 378 | 661 | 2950 | 000 | 0.00
50.00 1136 913.0 | 0.00 10000 4798 | 283 | 283 | 2522 000  0.00
Cs: 4.00E-02 837.2 | 0.00 | 100.00 4400 | 000 | 0.00 | 2312 000 0.0
sD: 443 :ﬂ :z:‘: 767.7 | 0.00 | 100.00 4035 | 000 | 0.00 | 2421 | 000  0.00
- - 704.0 | 0.00 | 100.00 3700 | 000 | 0.00 | 1845 000  0.00
75.00 142.0 6456 | 0.00 | 10000 3393 | 000 | 0.00 | 1783 000 0.00
50,00 1705 592.0 | 0.00 | 10000 3141 | 000 | 0.00 | 1635 000 0.00
95.00 1502 542.9 | 0.00 | 100.00 2853 | 0.00 | 0.00 | 1433 000  0.00
497.8 | 0.00 | 100.00 2616 | 0.00 | 0.00 | 1375 | 0.00 | 0.00
456.5 | 0.01 | 100.00 2399 | 0.00 | 0.00 | 1.261 000  0.00
4186  0.01 | 9989 | 2200 | 000 | 0.00 | 1156 | 0.00 0.00
3839 | 0.02 | 9998 | 2047 | 000 | 0.00 | 1080 | 000 000
3520 | 0.05 | 99.56 | 1850 | 000 | 0.00 | 0572 | 0.00 000 |
3228 | 0.09 | 9951 1696 | 000 | 0.00 | 0.892 000 0.00
296.0 | 0.17 | 9982 1556 | 0.00 | 0.00 | 0.818 000 0.0
-1/ SRSURANIE SRS S R AR | N NS N s E 2714 | 0.34 | 9965 1427 | 000 | 0.00 | 0750 000 0.0
E g 2489 | 0.64 | 9931 13.08 | 0.00 | 0.00 | 0.68% 000 0.0
a < 2282 121 | 9867 | 1200 | 000 | 000 | 0630 | 000 D00
- = 2093 | 244 | 97.46 | 1100 | 000 | 0o | 0878 | 0.00 | 0.00
191.9 | 3.50 | 9532 1009 | 0.00 | 0.00 | 0.530  0.00 0.0
176.0 | 5.42 | 9182 925 | 000 | 0.00 | 0436 000  0.00
""""" 1614 | 7.27 | 8640 | 848 | 0.00 | 0.00 | 0«46 | 0.00  0.00
E in) =0 148.0 | 9.09 | 7913 | T.78 | 000 | 0.00 | 0409 | 0.00 @ 0.00
01 1 10 o0 1,000 10,000 1357 | 981 | 7004 | 743 | 000 | 0.00 | 0375 | 000 | 0.00 |
Size(microns) 1245 | 9.69 | 6013 | 6.54 | 000 | 0.00 | 0344 | 0.00 000 |
1144 | B.B3 | 5044 | 6.00 | 0.00 | 0.00 | 0315 000  0.00
1047 7.0 | 4161 550 000 | 0.00 | 0.Z350  0.00 | 0.00
9596 | 6.01 | 3427 5.04 | 0.00 | 0.00 | 0.2650  0.00 0.0
BEO0 485 | 2826 4.62 000 | 0.00
BOTO | 401 | 2344 | 4.2 000 | 0.00
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- Particle Size Analysis - Distributon:  Humbar R Tine: s Fhsid:  WATER
Frogression: Geom & Root Fun haum: Avg ot 3 | FhidRet. Index: 1.333 Loadng Factar 0695
ARM 100-200 mesh green tube Upper Edge: 1408 Parfile SRAWFERD TRANE BR Above Residusl [ Teansminsion] 089
Wﬁ Lower Edges 043 Transparencys Transparent | Eelow Residial ] AMS Residual;  GESE-03
|4 Craw-rord Residuals:  Disabied Parl Rel Index 1.63 Fllow: 0%
[ z Mum.Chanssts: 100 Fart. hape] iregear collin] o5 Usonic Power! WA
& = | Amalysis Wode:  S3000 Usaris Time A
O Nk . $3000/83500 Fiter:  Enabled 08 Record 2574 Recakc Stahis Serw Wun| s
2014/04/24 10:25 —= :
10.3.0 S3754 Analysis Gain: _ Default Pragram FLEX 40, S2MDB
Data em Value Sweum) | %Tie % Tile Sizefum) Dia Vol Width Sizafum) | %Chan | % Pass | Sizefum) | %Chan | % Pass | Sizefum) % Chan % Pass  Slzefm) %<Chan | % Pass
1408 | 0.00 |100.00 | 74.00 | 330 | 1163 | 3.8 | 000  0.00
0.800 0.00 10.00 7.02 118.7 100.0 To.44
MV {um): 167.5 o121 1281 | 0.00 | 100.00 | 67.86 | 298 | B33 | 357 | 0.0 | 040
MN i 123.5 16.00 4184 | 0.00 | 10000 6223 | 344 | 535 | 327 | 0.00  0.00
(umy): - 00 | 972 1086 | 0.00 |100.00| 57.06 | 221 | 221 | 2999 | 0.00 | 000 |
MA{um): | 151.7 4000 | 1400 8956 | 0.00 10000 5233 | 000 | 000 | 2750 | 000 000 |
w000 | 187 913.0 | 0.00 |100.00| 47.98 | 000 | 000 | 2522 | 0.00 | 000
Cs: 4.00E-02 ey P 837.2 | 0.00 | 100.00 4400 | 000 | 0.00 | 2312 | 0.00 000
SD: 19.72 7000 767.7 | 0.00 | 100.00 4035 | 000 | 0.00 | 2421 | 0.00 | 0.00
. 140.3 704.0 | 0.00 | 100.00| 37.00 | 000 | 0.00 | 1845 | 0.00 000
75.00 146.6 6456 | 0.00 |100.00| 3383 | 000 | D00 | 4.783 | 0.00 | 0.00
90,00 1745 592.0 | 0.00 100,00 3111 | 000 | 0.00 | 1635 | 0.00 000
a5.00 1943 542.9 | 0.00 | 100.00 2853 | 0.00 | 0.00 | 1499 | 0.00 0.0
: 497.8 | 0.00 |100.00 2616 | 0.00 | 0.00 | 1.375 | 0.00 0.0
456.5 | 0.01 | 100.00 2399 | 000 | 0.00 | 1261 | 0.00 0.0
4186 | 0.01 | 99.99 | 2200 | 0.00 0.00 1156 | 000 @ 0.00
3639 | 002 | 9998 | 2047 | 0.00 0.00 1060 | 0.00 @ 000
3520 | 0.05 | 59.96 | 18.50 | 000 | 0.00 | 0.872 | 0.00 000
3228 | 0.10 | 99.91 | 1696 | 0.00 | 0.00 0892 | 0.00 0.0
296.0 | 0.19 | 99.81 | 1556 | 000 | 0.00  0.818 | 0.00 0.0
-4 E 2714 | 039 | 9962 | 14427 | 000 | 0.00 0750 | 0.00  0.00
E o 2 2489 | 0.74 | 9923 | 1308 | 000 | 0.00 0688 | 0.00 000
a =} 2282 | 1.40 | 98.49 | 1200 | 000 | 0.00 | 0630 | 0.00 000
° = 2093 | 248 | 97.09 | 11.00 | 0.00 0.00 | 0.578 | 0.00 0.00
1919 | 4.04 | 94.61 | 1009 | 0.00 | 0.00 | 0530 | 0.00 0.0
176.0 | 620 | 90.57 | 925 | 0.00 | 0.00 0436 | 0.00 0.0
1614 | 8.25 | 8437 | 848 | 000 | 0.00 | 0446 | 000 0.00
T -0 1480 | 1022 | 7612 | T.7E | 000 | 0.00 | 0409 | 000 @ 0.00
01 1 1;: i 100 1,000 10,000 1357 | 102 | 6590 | 743 | 0.oo | 0.00 | 075 | g0 | oo |
ze(microns) 1245 | 1085 | 5488 | 654 | 000 | 0.00 | 0.344 | 0.00 | 000 |
1141 | 9.58 | 44.23 | 600 | 000 | 0.00 | 0315 | 0.00  0.00
104.7 | 782 | 3465 | 550 000 | 0.00 | 0.2880 000 @ 0.00
DiH20 9596 | £.28 | 2683 | 504 | 000 | 0.00 02650 | 0.00  0.00
8500 | 495 | 2055 | 4.62 0,00 0.00
BOTO | 3.87 | 1560 | 4.4 000 | 0.00

Figure B-4. ARM (-)100/(+)200 mesh, dry sieved, number

We put science to work.™

distribution, transparent mode
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- Particle Size Analysis - — qunfee__soseo Dl waren
Progrescion:| Geom 2 Reot Fun Hum BoT3 Fluld Ref. incex: 1.333 Leading Fastor:) 0.873
CRAWFORD
ARM 1 00_200 mesh green tl.,lbe Upper Edge: 140 Fartiolo: ams Above Reclosal: L[] Transmission: 0.8
g % Laowsr Edgs: o243 Traneparenoy  ancorting Biow Recldual: [} FMI Ascidual|]  B.22E03
- . v Crawford Feciduale:|  Dicabied | Part Ret. index: Nid Flow: 0%
o 3 Mum. Channels: 100 Fart Thaped  yreguiar Cedl 1D 2586 Usonilo Power: Ni&
& Analycic Mode: 23000 Usonic Time: Ni&
w 06}'25!201 4 14:50 saunu!sasnn Filiter: Enabled DB Raaord. BE11 Racals SR Recaloulaied Sarial Mum:, 237TE4
103-0 53754 Analysls Gain: Detaus Databasecc-iProgram Flss (xB8)\Misrotrso FLEX 10.8.0Databacsciped-2012.M0B
Data ltem Value Sizequm) | %Tile %Tile | Sizejum) Dia Vol Width Sizefum) | %Chan | % Pass | Slzefum] | %Chan | % Pass | Sizejum) | %Chan | % Pase | Size{um) | %Chan | % Pass
0500 000 10.00 9309 P 1000 | ssss 1408 | 0.00 10000 7400 | 113 | 430 | 389 | 0.00 | 0.00
MV{um): 166.2 1291 | 0.00 |100.00 | 67.86 | 087 | 317 | 357 | 0.00 | 000
16.00 1049 1184 | 0.00 |100.00| 6223 | 070 | 230 | 327 | 0.00 | 0.00
MN(um): 116.3 25.00 171 1086 | 0.00 10000 57.06 | 061 | 160 | 2399 | 000 | 000
MA (um): 149.4 40.00 133.4 9956 | 0.00 [100.00 | 5233 | 059 | 039 | 2750 | 0.00 | 0.00
50.00 145 9130 | 0.00 |100.00 | 47.98 | 0.40 | 040 | 2522 | 0.00 | 0.00
CS: 4.00E02 8372 | 0.00 |100.00 | 4400 | 0.00 | 000 | 2312 | 000 | 0.00
SD: 43.47 80.00 154.5 767.7 | 0.00 |100.00 | 40.35 | 0.00 | 000 | 2421 | 0.00 | 0.00
70.00 167.0 7040 | 0.00 |100.00 | 37.00 | 0.00 | 0.00 @ 1345 | 0.00 | 0.00
75.00 174.4 6456 | 0.00 |100.00 | 3383 | 0.00 | 000 1783 | 0.00 | 0.00
30.00 209.7 5920 | 0.00 |100.00 | 3111 | 0.00 | 000 | 1635 | 0.00 | 0.00
95.00 . 5429 | 0.00 |100.00 | 2853 | 0.00 | 0.00 | 1489 | 0.00 | 0.00
4978 | 0.04 |100.00 | 2616 | 0.00 | 0.00 @ 1375 | 0.00 | 0.00
4565 | 0.07 | 99.96 | 2399 | 0.00 | 000 1261 | 0.00 | 0.00
20 4186 | 042 | 9989 | 2200 | 0.00 | 000 1156 | 0.00 | 0.00
3839 | 049 | 9977 | 2047 | 0.00 | 000 @ 1060 | 0.00 | 0.00
3520 | 032 | 9958 | 1850 | 0.00 | 0.00 | 0572 | 0.00 | 0.00
3228 | 054 | 9926 | 1696 | 0.00 | 000 0852 | 0.00 | 0.00
2960 | 091 | 9872 | 1556 | 0.00 | 000 | 0818 | 000 | 0.00
E E 2714 | 152 | 97.81 | 1427 | 0.00 | 000 | 0750 | 0.00 | 0.00
g 10 2 2483 | 247 | 9629 | 13.08 | 000 | 000 | 0688 | 0.00 | 0.00
:‘_; g 2282 | 3.89 | 9382 | 1200 | 0.00 | 000 | 0630 | 0.00 | 0.00
2093 | 587 | £9.93 | 11.00 | 0.00 | 000 | 0578 | 0.00 | 0.00
1919 | 799 | 8406 | 1009 | 000 | 000 | 0530 | 0.00 | 0.00
176.0 | 10.29 | 76.07 | 925 | 0.00 | 0.00 | 0.486 | 0.00 | 0.00
; . 161.4 | 11.60 | 6578 | 848 | 0.00 | 0.00 | 0446 | 0.00 | 0.00
3 1480 | 1188 | 5418 | 778 | 0.00 | 000 | 0409 | 0.00 | 0.00
01 . 1;: ze{micwnfjm 1.000 10,000 1357 | 1083 | 4230 | 743 | 000 | 000 | 0375 | 0.00 | 0.00
1245 | 878 | 31.37 | 654 | 000 | 000 | 0344 | 0.00 | 0.00
1144 | 670 | 2259 | 00 | 0.00 | 000 | 0315 | 0.00 | 0.00
1047 | 467 | 1589 | 550 | 0.00 | 0.00 | 0.2890 | 0.00 | 0.00
9596 | 349 | 1122 | 504 | 0.00 | 0.00 | ©.2650 | 0.00 | 0.00
88.00 | 220 | £03 | 462 | 0.00 | 0.00
80.70 | 153 | 583 | 4324 | 0.00 | 0.00

Figure B-5. ARM (-)100/(+)200 mesh, dry sieved, area distribution, absprbamce mode

We put science to work.™
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- Particle Size Analysis - o I T T ruae] waren
Progreceion:| 3scm 2 Root Run Kum: Zo013 Fluld Ref. ingex: 1.333 Loading Facior: 0.883
CRAWFORD
ARM 100_2 oo mesh green tu be Upper Edge: 1408 Pariiola: TRANZ R Abowe Recidual: Trancmission 0.88
y % Lowsr Edge: 0243 Trancparenoyy  Traneparent Bslow Residual] FM3 Aocidual:  B.78E03
- . H Crawford Recldualc  Dicables | Part Ref Index: 181 Flow: 0%
. 3 Mum. Channelc: 100 Part 3hape  yreguiar Cell IDy; 285 Usonlo Fower: His
Analycic Mooe: 13000 Usanig Time:| Nk
&Ww 06/25/2014 14:54 $3000/S3500 Filter]  Enabied B Recard. BE1H Resslo Siatus] Recaloulsted Barlal Num: 23764
103-0 53754 Analysis Gain Defaut Databate: o Program Flles (cBE/Microtran FLEX 10.3.0i0 atab aceciped-2012.M DB
Data ltem Value Sizequm) | %Tile %Tile | Size(um) Dia Vol% Width Size{um] | %Chan | % Pass | Sizejum) | %Chan | % Pass | Sizejum) | %Chan | % Pass | Size(um)  %Chan | % Pass
1800 000 10.00 97,41 1450 100.0 a527 1408 | 0.00 [100.00| 74.00 | 058 | 275 | 389 | 0.00 | 0.00
MV{um): 167.3 1600 ors 1291 | 0.00 |100.00| 6786 | 074 | 1.77 | 357 | 0.00 | 000
- - 1184 | 0.00 (10000 6223 | 063 | 103 | 327 | 000 | 0.00
MN(um): | 123.5 26.00 1194 1086 | 0.00 |100.00 | 57.06 | 0.40 | 040 | 2399 | 000 | 0.00
MA({um): 1516 40.00 135.0 9956 | 0.00 |100.00 | 5233 | 000 | 0.00 | 2750 | 0.00 | 0.00
50.00 1450 913.0 | 0.00 |100.00| 47.98 | 000 | 0.00 | 2522 | 0.00 | 0.00
Cs: 4.00E02 8372 | 0.00 |100.00| 4400 | 000 | 0.00 | 2312 | 0.00 | 0.00
SD: 4263 £0.00 1558 7677 | 0.00 |100.00 | 40.35 | 0.00 | 0.00 | 2421 | 0.00 | 0.00
70.00 1881 7040 | 0.00 |100.00| 37.00 | 000 | 0.00 | 1545 | 0.00 | 0.00
75.00 175.5 6456 | 0.00 |100.00| 3393 | 000 | 0.00 | 1783 | 0.00 | 0.00
90.00 291.0 5920 | 0.00 |100.00| 3111 | 000 | 0.00 | 1635 | 0.00 | 0.00
95.00 2380 54298 | 0.00 |100.00| 2853 | 000 | 0.00 | 1489 | 0.00 | 0.00
4978 | 0.04 |100.00| 2616 | 000 | 0.00 | 1375 | 0.00 | 0.00
4565 | 0.07 | 9996 | 23.99 | 000 | 0.00 | 1261 | 0.00 | 0.00
4186 | 042 | 9989 | 2200 | 0.00 | 0.00 | 1456 | 0.00 | 0.00
38398 | 019 | 9977 | 2047 | 000 | 0.00 | 1.060 | 0.00 | 000
3520 | 033 | 9958 | 1850 | 000 | 0.00 | 0572 | 0.00 | 0.00
3228 | 056 | 9925 | 1696 | 000 | 0.00 | 0.8%2 | 0.00 | 0.00
2960 | 094 | 9869 | 1556 | 000 | 0.00 | 0.818 | 000 | 000
2 2714 | 158 | 97.75 | 1427 | 000 | 0.00 | 0.750 | 0.00 | 0.00
E 2488 | 2.56 | 9617 | 13.08 | 000 | 0.00 | 0.688 | 0.00 | 0.00
g 2282 | 4.02 | 9361 | 1200 | 000 | 0.00 | 0.630 | 0.00 | 0.00
2093 | 6.05 | 8959 | 11.00 | 0.00 | 0.00 | 0.578 | 0.00 | 0.00
1918 | 821 | B354 | 1009 | 000 | 000 | 0530 | 0.00 | 0.00
1760 | 1056 | 7533 | 925 | 000 | 000 | 0.486 | 0.00 | 0.00
1614 | 1188 | 6477 | 848 | 000 | 000 | 0446 | 0.00 | 0.00
T 1480 | 1215 | 5289 | 7.78 | 000 | 000 | 0.409 | 0.00 | 0.00
01 size( micronlrjm 1.000 10,000 1357 | 1116 | 4074 | 743 | 000 | 000 | 0375 | 0.00 | 0.00
1245 | 892 | 2958 | 654 | 000 | 000 | 0344 | 0.00 | 0.00
1144 | 6.75 | 2066 | 600 | 000 | 000 | 0.315 | 0.00 | 0.00
1047 | 462 | 1391 | 550 | 000 | 000 | 0.2890 | 0.00 | 0.00
DiHZ0 9596 | 3.08 | 529 | 504 | 000 | 0.00 | 0.2650 | 0.00 | 0.00
88.00 | 207 | 621 | 462 | 000 | 0.00
80.70 | 1.39 | 444 | 424 | 0.00 | 0.00

Figure B-6. ARM (-)100/(+)200 mesh, dry sieved, area distribution, transparent mode

We put science to work.™
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H H H Dictribution: Wolums Run Time: 20 Bsa Fluld  WATER
- Particle Size Analysis - R R N e
CRAWFORD
f;ﬁ% ARM 100-200 wet sieve 6-5-14 tpmrEh e Priel] s | fommesany) e Tremn] o
Q} Lower Edgs 0243 Trarcparsncy:|  Abcorbing Bedow Ascldust [] AM2 Residual: 106E 02
sl S Crawford Reciduale:|  Dicabisd Part. Red. Index: N Flow:. 4%
.PQ. 3 Hum. Channels: 00 Fart Thape: Imaguiar Gl 1D DEBE Usonde Power: WA
Aralyels Mods. 200 Uzanis Thme: A
& 06/25/2014 07:36 $3000/53500 Fitsr]  Enabied DERecors] 1300 [ —— SeraNumc saves
10.3.0 S$3754 Analysis 0an|  peraurt Databace: cmrogram Fliec (x5 FLEX 1034 I14MOE
Dataltem| Value stzsqumy | % %Tile | Size(um) Dia Vol% | Width Sizejum) | %Chan | % Pass | Stzs{um) | %Chan | % Pazs | Sizafum] | %Chan | %Pass | Size{um) %Chan | %Pass
2800 P w000 | 1008 1515 | 1000 | sz11 1408 | 0.00 |10000 | 7400 | 078 | 238 | 383 | 000 | 0.00
MV(um}: 155.8 1291 | 000 10000 6786 | 054 | 160 | 357 | 000 | 0.00
1600 | 1116 1184 | 000 |10000 | 6223 | 039 | 106 | 327 | 000 | 0.00
MN(um): | 110.7 2500 | 1240 1086 | 0.00 |100.00| 57.06 | 0.29 | 067 | 2999 | 0.00 | 0.00
MA(um): 1415 2000 | 1406 9956 | 0.00 10000 | 5233 | 023 | 038 | 2750 | 0.00 | 0.00
000 | 1515 9130 | 0.00 10000 | 4798 | 045 | 045 | 2522 | 000 | 0.00
Cs: 4.20E-02 8372 | 000 10000 4400 | 000 | 000 | 2312 | 000 | 000
SD: 4405 £0.00 | 1626 7677 | 000 (10000 4035 | 000 | 000 | 2421 | 000 | 0.00
To.00 1753 7040 | 000 10000 3700 | 000 | 000 | 1945 | 000 | 000
75.00 | 1829 6456 | 0.00 10000 3393 | 000 | 0.00 | 1783 | 000 | 0.00
9000 | 2163 5920 | 000 (10000 3441 | 000 | 0.00 | 1635 | 000 | 0.00
w00 | zme 5429 | 000 (10000 2853 | 000 | 0.00 | 1498 | 000 | 000
4578 | 0.00 10000 | 2646 | 0.00 | 0.00 | 1375 | 0.00 | 0.00
4565 | 0.00 10000 | 2393 | 000 | 0.00 | 1261 | 000 | 0.00
4186 | 0.00 10000 | 2200 | 0.00 | 0.00 | 1456 | 0.00 | 0.00
3839 | 000 10000 2047 | 000 | 0.00 | 1.060 | 000 | 0.00
3520 | 026 (10000 1850 | 000 | 0.00 | 0872 | 000 | 0.00
3228 | 057 | 9974 1696 | 000 | 0.00 | 0892 | 000 | 0.00
2960 | 102 | %947 | 1556 | 0.00 | 0.00 | 0.818 | 000 | 0.00
g T 2714 | 188 | 9845 | 1427 | 0.00 | 0.00 | 0.750 | 0.00 | 0.00
E E 2489 | 328 | 96.27 | 13.08 | 0.00 | 0.00 | 0688 | 0.00 | 0.00
; ;—’2 2282 | 514 | 9299 | 1200 | 0.00 | 000 | 0630 | 000 | 0.00
2093 | 761 | 6785 | 11.00 | 000 | 0.00 | 0.578 | 0.00 | 0.00
1919 | 574 | B0.24 | 1009 | 000 | 0.00 | 0530 | 000 | 0.00
1760 | 1154 | 70.50 | 925 | 000 | 0.00 | 0486 | 000 | 0.00
. 1614 | 1212 | 5896 | 848 | 000 | 0.00 | 0446 | 000 | 0.00
Tt et T 1480 | 1145 | 4584 | 778 | 000 | 0.00 | 0409 | 000 | 0.00
el Lc:ze:mhron::l;u 4000 10.000 1357 | 10.00 | 3533 | 743 | 000 | 0.00 | 0375 | 000 | 0.00
1245 | 776 | 2538 | 654 | 000 | 000 | 0344 | 000 | 0.00
1141 | 576 | 1762 | 600 | 000 | 0.00 | 0315 | 000 | 0.00
1047 | 395 | 1185 | 550 | 000 | 0.00 | 02880 | 000 | 0.00
9596 | 264 | 791 | 504 | 0.00 | 0.00 | 02650 | 0.00 | 0.00
BE.00 | 174 | 527 | 462 | 000 | 0.00
BO.T0 | 145 | 353 | 424 | 000 | 000

Figure B-7. ARM (-)100/(+)200 mesh, wet sieved, volume distribution, absorbance mode

We put science to work.™
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H 1 1 o Volums RunTime: 30 Seo Flud]  WATER
- PartICIe Slze AnaIySIS = Progression:| Geom £ Root Rumn Num: Awgold Fluld Ref. Insdeoc 12333 Loading Fastor: 082
CRAWFORD
W ARM 100-200 wet sieve 6-5-14 tpmrEie] e b 1018 Mo T o
% Lower Edga 0243 Trarsparenoy:| Trangparent | Below Aosidust AMZ Recidul  158E42
= i Crawford Rsciduale;  Dicsbisd Fart R e 188 [Fiow:. 0%
'p% 3 Hum. Chanrels: A Fart. Thape: Imaguiar Tl 1D o= Usonie Power: A
Analyslc Mode 23000 Usonio Thme: LYY
< 06/25/2014 07:25 $3000/53500 Fiior|  Enabled DB Rscont; 4233 Racale Statc: [T —
10.3.0 §3754 P p—— e — . .
Dataltem| Value R p— %Tile | Size(um) Dia Vol% | Width Stzejum) | %Chan | % Pasa | Size{um) | %Chan | % Pass | Slzefum] | %Chan | %Pass | Size{um) | %Chan | %Pass
i | ome w000 | 1ms 521 | 1000 | soss 1408 | 0.00 10000 7400 | o070 | 172 | 389 | 000 | 000
MV(um): 156.6 1291 | 000 [10000| 6786 | 047 | 102 | 357 | owo | ooo
1600 | 131 1184 | 000 10000 6223 | 035 | 055 | 327 | o000 | ooo
MN(um): | 117.1 2500 | 1252 1086 | 0.00 |100.00 | 57.06 | 0.20 | 0.20 | 2999 | 0.00 | 0.00
MA(UM): | 143.4 4000 | 1414 3956 | 0.00 | 10000 | 5233 | 000 | 0.00 | 2750 | 000 | 0.00
so00 | 1521 9120 | 000 10000 | 4798 | 000 | 000 | 252 | 000 | 000
Cs: 4.20E-02 w000 | 101 8372 | 0.00 (10000 | 4400 | 000 | 0.00 | 232 | 0.00 | 0.00
SD: 4394 - 7677 | 0.00 (10000 | 4035 | 000 | 000 | 2121 | 000 | 0.00
70.00 1756 7040 | 000 |10000| 3700 | 000 | 0.00 | 1945 | 0.00 | 0.00
7500 | 1830 6456 | 0.00 (10000 | 3393 | 000 | 0.00 | 1783 | 000 | 0.00
9000 | 2160 5920 | 0.00 (10000 3141 | 000 | 0.00 | 1635 | 0.00 | 0.00
w00 | 239 5429 | 0.00 (10000 2853 | 000 | 000 | 1499 | 000 | 0.00
4574 | 0.00 10000 | 2646 | 0.00 | 0.00 | 1375 | 000 | 000
4565 | 0.00 10000 | 2399 | 000 | 0.00 | 1261 | 000 | 0.00
= 4186 | 000 10000 | 2200 | 000 | 0.00 | 1456 | 000 | 000
3839 | 0.00 (10000 | 2047 | 000 | 0.00 | 1.060 | 0.00 | 0.00
3520 | 025 (10000 1850 | 000 | 000 | 0872 | 000 | 000
3228 | 055 | 5975 | 1696 | 000 | 0.00 | 0.692 | 000 | 0.00
2960 | 1.00 | 9320 | 1556 | 0.00 | 0.00 | 0818 | 000 | 0.00
g T 2714 | 185 | 9820 | 14327 | 000 | 0.00 | 0750 | 000 | 0.00
E 10 E 2489 | 326 | 9635 | 13.08 | 0.00 | 0.00 | 0688 | 0.00 | 0.00
s 9 2282 | 546 | 93.09 | 1200 | 000 | 0.00 | 0630 | 000 | 000
2033 | 769 | 6733 | 1400 | 000 | 0.00 | 0578 | 000 | 0.00
1919 | 990 | e024 | 1009 | 000 | 000 | 0530 | 000 | ooo
1760 | 1177 | 7024 | 925 | 000 | 0.00 | 0486 | 0.00 | 0.00
I ; . 1614 | 1236 | 5857 | 848 | 000 | 000 | 0446 | 000 | 000
NI LL LR T T 1480 | 1166 | 4621 | 778 | 000 | 000 | 0.409 | 000 | 0.00
.1 gwlmicm“gu 1000 10,000 1357 | 4043 [ 2455 | 743 | 000 | 000 | 0375 | 000 | 0.00
1245 | 781 | 2442 | 654 | 000 | 0.00 | 0344 | 000 | 0.00
1141 | 573 [ 1661 | 600 | 000 | 000 | 015 | 000 | 0.00
1047 | 389 | 1088 | 550 | 000 | 000 | 02890 | 000 | 0.00
DiHZO 9596 | 255 | 699 | 504 | 000 | 0.00 | 02650 | 0.00 | 0.00
8800 | 166 | 444 | 482 | 000 | 0.00
8070 | 106 | 278 | 424 | 000 | 0.00

Figure B-8. ARM (-)100/(+)200 mesh, wet sieved, volume distribution,

We put science to work.™

transparent mode
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H H 1 Distribution:  sumber FunTime: 30 2eo Fild|  waTER
= ParthIe Slze AnaIySIS = Frogression: Geom 2 Root Fum Hum: MAwg of 3 Flud Ref. Index: 1.333 Loading Fa ohor: 0134
CRAWFORD
) ARM 100-200 wet sieve 6-5-14 UmmrEn Fortele]  ape | MmReims e Trovemeen o
% Lower Edgn D243 Trarcparency:  Apcorbing | Below Roslduat . AMI Recidmi  186E02
!_. b Crawford Roclduals  Dicabied | Pari Ref Index: Na Flow: "%
PQ. 3 HNum. Chanrels: 00 Fart. Shape: Imaguiar Call N0 DERE Usonio Power: WA
Analyslc Wode 33000 Usonie Thme: LY
P | 80014 07:39 $3000/S3500 R T T T T
10.3.0 $3754 Analyeic G2 Dy Databats: o ierogram Flles 1EX 103 2014.MDE
Dataltem| Value stzopm) | Tl %Tile | Sizefum) Dia Vol% | Width Sizs{um) | %Chan | %Pass | Stzejum) | %Chan | % Pass | Sizeum] | %Chan | %Pass | Stzejum) | %Chan | %Pass
o0 | o000 woo | sees 1 R [— 1408 | 0.00 | 10000 74.00 | 434 | 2202 | 389 | 000 | 0.00
MV({um): 156.1 1291 | 000 |10000 67.86 | 388 | 1768 | 357 | 000 | 0.00
1600 | 6341 48.57 L 533 1184 | 000 10000 | 6223 | 352 | 1380 | 337 | 000 | 0.00
MN(um): |  110.9 2500 | 7808 1086 | 000 |10000| 57.06 | 349 | 10.28 | 2999 | 0.00 | 0.00
MA(um): 141.8 4000 | 9641 9556 | 000 | 10000 5233 | 353 | 679 | 2750 | 000 | 0.00
9130 | 000 | 10000 4738 | 28 | 28 2522 | 000 | 0.00
Cs: 4.20E02 :$ :‘::: 8372 | 000 (10000 | 4400 | 000 | 0.00 | 2312 | 000 | 000
sD: 142.96 7677 | 000 [100.00| 4035 | 000 | 0.00 | 2421 | 000 | 000
T0.00 1201 7040 | 0.00 |10000| 37.00 | 000 | 0.00 | 1345 | 000 | 0.00
7500 | 1367 6456 | 0.00 (10000 3393 | 000 | 000 | 1783 | 000 | 000
2000 | 1654 5920 | 0.00 [10000| 3111 | 000 | 000 | 1635 | 000 | 000
w00 | 1ms 5429 | 000 [10000| 2853 | 000 | 000 | 1499 | 000 | 000
4578 | 000 |10000) 2616 | 000 | 0.00 | 1375 | 000 | 0.00
4565 | 0.00 (10000 | 2399 | 0.00 | 0.00 | 1261 | 000 | 0.00
4186 | 000 | 10000 2200 | 000 | 0.00 | 1156 | 000 | 0.00
3839 | 0.00 [100.00| 2047 | 000 | 0.00 | 1.060 | 0.00 | 0.00
3520 | 001 [100.00 4850 | 000 | 0.00 | 09872 | 000 | 0.00
3228 | 004 | 9999 | 1696 | o000 | 000 | 0892 | 000 | oo0
2960 | 009 | 2995 | 1556 | 000 | 000 @ 0818 | 000 | 000
£ T 2714 | 021 | 5985 | 1427 | 000 | 0.00 | 0750 | 000 | 0.00
E E 2489 | 046 | 9965 | 1308 | 000 | 0.00 | 0688 | 000 | 000
g-t § 2282 | 096 | 9919 | 12.00 | 0.00 | 0.00 | 0.630 | 0.00 | 0.00
2093 | 182 | %823 | 11.00 | 000 | 0.00 | 0578 | 000 | 0.00
1919 | 304 [ 9641 | 1009 | o000 | 000 | 0530 | 000 | 000
1760 | 472 (8337 | 925 | o000 | 000 | 0486 | 000 | 000
. 1614 | 636 [ 8885 | 848 | 000 | 000 | 0446 | 000 | 000
o n LA 1480 | 798 (8229 | 778 | 000 | 0.00 | 0409 | 000 | 000
et ! i) o 1000 10,000 1357 | 893 [ 7431 | 743 | o000 | 000 | 0375 | 000 | 000
Size(microns)
1245 | 946 [ 6538 | ©54 | 000 | 0.00 | 0344 | 000 | 000
1944 | 879 [ 622 | 600 | 000 | 0.00 | 0315 [ 000 | 000
1047 | 783 [ 4743 | 550 | ooo | 000 | 02890 | 000 | ooo
9596 | 683 | 2960 | 504 | 0.00 | 0.00 | 02650 | 000 | 0.00
8800 | 579 [ 3277 | 482 | o000 | 000
BOTO | 496 [ 2698 | 424 | o000 | 0.00

Figure B-9. ARM (-)100/(+)200 mesh, wet sieved, number distribution, absorbance mode

We put science to work.™
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H 1 1 Distribution:]  sumber AunTime:| 30 2e0 Fhid|  waTER
PartICIe Slze AnaIYSIS Frogrecoion: Geom 2 Root Rum Hum: Avgot 3 Fluld Ref. Index 1322 LLosding Faotor 0128
CRAWFORD
- 3 Partiols: Al rarcmission
) ARM 100-200 wet sieve 6-5-14 upmrEue| e " Trans R ® v
% Lowes Edge|  paa3 Trancporenoy: Trancparsnt | Below Fscidunt ° AMZ Recimall 110842
o) L Crawford Recldualc]  Dicabisd Fart Rt Index: 188 Pl 0%
-p%. 3 MumL. Channeic: 08 Part Thape:  |maguiar Coll 1D D596 Usonio Power WA
@.n Analyclc Wode 23000 Usanic Time: WA
06/25/2014 07:29 $3000/S3500 Fittar|  Enablea DB Regond: 1282 Fecale Saius: Borlal Mums|  zares
10.3.0 §3754 Analyek GaR  pataurt Databate: o arogram Flies LEN 1030 H14.MDE
Dataltem! Value stzapam) | %Tie %Tile | Size{um) Dia Vol% Width Siza(um) | %Chan | %Pass | Stza{um) | %Chan | % Pass | Size{um) | %Chan | %Pass | Stize{um) | %Chan | %Pasa
w00 200 10.00 749 1131 won | 7a7s 1408 | 0.00 [10000 | 74.00 | 427 | 1451 | 389 | 0.00 | 0.00
MV{um): 156.7 1600 75'93 - 1291 | 000 [10000 | 67.86 | 380 | 1024 | 357 | 0.00 | 0.00
: 1184 | 000 [10000 | 6223 | 381 | 644 | 327 | 000 | 000
MN{um): 117.3 25.00 87.17 1086 | 0.00 (10000 57.06 | 263 | 263 | 2999 | 000 | 0.00
MA{um): 143.6 40.00 1032 9956 | 0.00 |10000| 5233 | 000 | 0.00 | 2750 | 000 | 000
50.00 1134 §13.0 | 0.00 | 100.00| 47.98 | 0.00 | 0.00 | 2522 | 0.00 | 0.00
Cs: 4.20E-02 w0 | 133 8372 | 0.00 10000 4400 | 000 | 0.00 | 2343 | 000 | 000
sD: 30,39 7677 | 0.00 |10000| 40.35 | 000 | 000 | 2421 | 000 | 00O
- i 70.00 1344 7040 | 0.00 | 10000 3700 | 0.00 | 0.00 | 1345 [ 000 | 0.00
75.00 1407 6456 | 0.00 |10000| 3393 | 000 | 000 | 1783 | 000 | 000
90.00 168.0 5920 | 0.00 |100.00| 3141 | 0.00 | 0.00 | 1635 [ 000 | 000
2500 862 5428 | 0.00 |10000| 2853 | 000 | 0.00 | 1498 | 000 | 000

4978 | 000 (10000 2646 | 000 | 000 | 1375 | 000 | Q00

4565 | 0.00 [10000 | 2399 | 0.00 | 0.00 | 1.264 0.00 | .00

4186 | 0.00 10000 | 2200 | 000 | 000 | 1456 | 000 | Qw00

= 3839 | 0.00 (10000 2047 | 000 | 000 | 1060 | 0.00 | 0.00

3520 | 0.0 (10000 | 1850 | 000 | 0.00 | 0872 | 0.00 | 0.00

2228 | 004 (9999 | 1696 | 000 | 000 | 0892 | 0.00 | 000

2960 | 0.09 [ 9995 | 1556 | 000 | 0.00 | 0818 | 0.00 | 000

=y T 2714 | 022 [99.86 | 1427 | 000 | 0.00 | 0750 | 0.00 | 0.00
g 10 E 2489 | 049 [ 9964 | 1208 | 000 | 000 | 0GER | 0.00 | 0.00
;; ;’t 2282 | 1.05 | 9915 | 12.00 | 0.00 | 0.00 | 0630 [ 000 | 000
2093 | 203 | %840 | 1100 | 000 | 000 | 0578 | 0.00 | 0.00

1919 | 342 [ %607 | 1009 | 000 | 000 | 0530 | 0.00 | 000

1760 | 535 (%265 | 925 | 000 | 0.00 | 0486 | 0.00 | 0.00

1614 | 720 (6730 | 848 | 000 | 0.00 | 0446 | 0.00 | 0.00

T t T -0 1480 | 898 (8010 | 778 | 000 | 000 | 0409 | 000 | 00O

] ! 10 10 1,000 49,000 1357 | 887 | M2 | TA3 000 | 0.00 | 0375 | 000 | 000

Size{microns)

1245 | 1042 | 61415 | 654 000 | 0.00 | 0344 | 000 | OO0

1144 | 960 | 51.03 | &.00 0.00 | 0.00 | M3 | 000 | 000

1047 | BAG | 4143 | 550 000 | 0.00 | 02830 | 000 | 00O

DiH20 9596 | 728 | 2297 | 504 | 0.00 | 0.00 | 02650 | 0.00 | 0.00

8800 | 608 | 2568 | 482 0.00 | 0.00

B0.T0 | 510 | 13.81 424 0.00 | 0.00

Figure B-10. ARM (-)100/(+)200 mesh, wet sieved, number distribution, transparent mode

We put science to work.™
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- Particle Size Analysis - e e weren
mom £ Root RunNum:  Awvgaol® Filuld Rl Inden 1333 L oo o182
CRAWFORD
- ] Fartils: Abowe Trancmicsion
. ARM 100-200 wet sieve 6-5-14 b B " ses e =
-@ Lower Eriga: D243 Trancparenoy:|  Abgorbing Estow Rscidual [} RMZ Reciiwal] 10802
— v Crawford Reciduak:|  Dicabied Fart. Ref. Index: WA Fiow: 5%
PQ_ 3 Mum. Chan relc: 00 Fart Thape:|  |maguiar ol A 158G Uconilo Power: WA
‘F‘ Aralycic Mods 23000 Uzomia T HA
06/25/2014 07:42 $3000/53500 Ftar]  Enabied DERscore a2 Foroalo StabE: seriaiMum  maves
10.3.0 53754 Analysls Gaing Detault M:Emm Fllst {k29)Microtras FLEX 10.3.00et sbacaciped-2014.MDE
Data Item Value P p— %Tile | Size{um) Dia Vol Width Size{um) | %Chan | %Pass | Stzejum) | %Chan | %Pass | Slzsjum] | %Chan | %Pass | Sizejum) | %Chan | % Pass
s o0 10.00 2867 1375 1000 | g8 1408 | 000 |10000 | TA00 | 457 | 552 | 389 | 0.00 | 0.00
MV{um): 155.6 - - - - 4291 | 000 (10000 6786 | 1418 | 295 | 357 | 000 | 000
16.00 9819 1184 | 000 10000 | 6223 | 081 | 277 | 337 | 000 | 000
MN({um): 110.8 25.00 1108 1086 | 0.00 | 10000 | 5706 | 075 | 1.86 | 2999 | 0.00 | 0.00
MA(um): 141.4 40.00 1277 9956 | 000 (10000 5233 | 067 | 111 | 2750 | 000 | 0.00
5000 P 5130 | 000 | 10000 | 4758 | 044 | 044 | 2522 | 000 | 0.00
Cs: 4.20E-02 w000 | 1287 8372 | 000 (10000 | 4400 | 000 | 000 | 232 | 000 | 0.00
sD: 4254 - 7677 | 0.00 (10000 | 4035 | 000 | 0.00 | 244 | 000 | 0.00
: . 0.00 160.8 7040 | 000 10000 | 37.00 | 000 | 0.00 | 1345 | 0.00 | 0.00
75.00 167.6 G456 | 0.00 (10000 | 3393 | 000 | 0.00 | 1782 | 000 | 0.00
90.00 1985 5520 | 0.00 [10000| 3144 | 000 | 0.00 | 1635 | 000 | 0.00
95.00 2153 5429 | 000 (10000 | 2853 | 000 | 000 | 1499 | 000 | 000

4978 | 000 (10000 2646 | 000 | 000 | 4375 | 000 | 000

4565 | 000 (10000 | 2399 | 000 | 000 | 1261 000 | 0o

4186 | 000 (10000 | 2200 | 000 | 000 | 1456 | 000 | 0w00

3839 | 000 10000 | 2047 | 000 | 000 | 1080 | 000 | 000

3520 | 040 |10000 | 1850 | 000 | 000 | 0972 | 0.00 | 000

3228 | 024 | 5930 | 16596 | 000 | 000 | 0852 | 0.00 | 000

2960 | 048 | %965 | 1556 | 000 | 000 | 0818 | 000 | Q0D

274 | 038 | ¥9.18 | 1427 | 000 | 000 | 0730 | 000 | 000

58.20 | 4308 | 000 | 000 | OGBE | 000 | 000

% Channe
B
&
-

2282 | 327 | %33 | 1200 | 000 | 000 | 0630 | 000 | Ou00

2093 | 532 | 9306 | 1100 | 000 | 000 | 05T | 000 | 000

1919 | 747 | B7.74 | 1009 | 000 | 000 | 0530 | 000 | 000

1760 | 575 | BO.2T | 923 0.00 | 000 | 0486 | 0.00 | 000

1614 | 1142 | T0.52 | 848 000 | 000 | 0446 | 000 | 000

O 480 | 1151 | 20| 778 | 000 | oo | o4ce | ooe | oo

2. ; 1 ke 4000 10,000 1357 | 1082 | 4786 | TA2 0.00 | 000 | 0375 | 0.00 | 0.00

Size{micronsg)
12435 | 9325 | 3694 6.54 0.00 0.00 0.344 0.00 000

11441 TAT | 2768 | &.00 000 | 000 | 035 | 0.00 | 000

047 | 558 | 2.2 | 550 000 | 000 | 02830 | 000 | 000

9596 | 408 | 1464 | 504 000 | 000 | 02850 | 0.00 | 0.00

BBO0 | 293 | 1036 | 4.2 0.00 | 000

B0.T0 | 241 | TE3 424 000 | 0.00

Figure B-11. ARM (-)100/(+)200 mesh, wet sieved, area distribution, absprbamce mode

We put science to work.™
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- Particle Size Analysis - Dersdoy gm | GTwe i o wren
ogr }| Geom & Root Run Num: Awg ol 3 Fiud Ref. Inde 1.323 LLoading Faotor: 0157
CRAWFORD
W ARM 100-200 wet sieve §-5-14 g B P mmansn | SR @ T o
% Lower Edge 0243 Trarsparency: Trancparent | Bekew Feciduat ° AM2 Residmli  111E42
il H Crawford Fi Dicabies | Part Relindex| 183 Fow| 4w
'PQ- 3 Num. Ll Fart. Shape: Imaguiar Gl 0D DE8E Usondo Power: LY
23000 Uconio Thre: A
& 06/25/2014 07:33 $3000/S3500 Fiter)  Enakisd DB Frcors: 1zme Recals Hat: P R —
10.3.0 53754 Analyci. Mll_nmm Databace iz Arogram Flles (<88} Miorcires FLEX 10.3.00stabasesiped 201 4 MDE
Data ltem|  Value R, p— %Tile | Sizefum) Dia Vol% | Width Sizejum) | %Chan | % Pass | Stzejum) | %Chan | % Pass | Sizejum] | %Chan | %Pass | Sejum) | %Chan | %Pass
PR R PR - 295 | 1000 | o282 1208 | 0.00 10000 7400 | 140 | 379 | 289 [ 0oo | ooo
MV{um}: 156.9 pRp R 1291 | 0.00 (10000 67.86 | 103 | 239 | 357 | 000 | ooo
: 1184 | 0.00 10000 6223 | 084 | 136 | 327 [ 0o | ooo
MN(um): | 117.6 2500 | 1138 1086 | 0.00 10000 57.06 | 052 | 052 | 2999 | 0.00 | 0.00
MA(um): | 143.9 2000 | 129 9956 | 0.00 (10000 5233 | 000 | 000 | 2750 | 000 | 000
9130 | 000 10000 | 4798 | 000 | 000 | 2522 | 000 | 000
CSs: 4.20E02 zz ::z 8272 | 0.00 10000 4400 | 000 | 0.00 | 2312 | 0.00 | 0.00
sD: 4141 7677 | 0.00 10000 4035 | 000 | 000 | 2121 | 000 | 000
70.00 1624 7040 | 0.00 10000 37.00 | 0.00 | 000 | 1345 | 0.00 | 0.00
7500 | 1681 6456 | 0.00 10000 3333 | 000 | 000 | 1783 | 000 | 0.00
9000 | 1295 5920 | 0.00 10000 3111 | ooo | 000 | 1635 | 000 | 000
w200 | 2201 5429 | 000 (10000 2853 | 0.00 | 0.00 | 1489 | 0.00 | 0.00
4378 | 000 10000 2616 | 000 | 000 | 1375 | 000 | 000
4565 | 0.00 10000 | 2399 | 000 | 0.00 | 1261 | 0.00 | 0.00
4186 | 000 10000 2200 | ooo | 0.0 | 1456 | 000 | 000
3839 | 0.00 10000 2047 | 000 | 000 | 1060 | 000 | 000
3520 | 040 |40000) 4850 | ooo | 000 | 0872 | 000 | oo0
3228 | 024 | %390 | 1696 | 000 | 000 | 0882 | 000 | 000
2960 | 048 | 9966 | 1556 | 0.00 | 0.00 | 0.818 | 0.00 | 0.00
B T 2714 | 100 | 9348 | 1427 | 000 | 000 | 0750 | 000 | 000
E § 2489 | 193 | %318 | 1308 | 000 | 000 | 0688 | 000 | 0.00
;lé o 2282 | 340 | 9625 | 1200 | 000 | 000 | 0630 | 000 | 000
________ 2093 | 557 | %285 | 1100 | 000 | 000 | 0578 | 000 | 0.00
_________________ 1919 | 7.2 | 8728 | 1009 | 000 | 000 | 0530 | 0.00 | 0.00
1760 | 1048 | 73.46 | 925 | ooo | 000 | 0486 | 000 | 000
. 1614 | 1155 | 6223 | 848 | 000 | 0.00 | 0446 | 000 | 000
TP 1480 | 1189 | 5773 | 778 | 000 | 0.00 | 0409 | 0.00 | 0.00
size( micmngu 1,000 110,000 1357 | 1144 | 4584 | 743 | 000 | 000 | 0375 | 000 | 000
1245 | 232 | 2470 | e54 | 000 | 000 | 0344 | 000 | 0.00
1141 | 744 | 2533 | &00 | ooo | 000 | 0315 | 000 | oo0
1047 | 548 | 1734 | 550 | 000 | 0.00 | 0280 | 0.00 | 000
DiH2O 9596 | 294 | 1246 | 504 | 000 | 000 | 02650 | 000 | 000
8800 | 278 | 852 | 462 | 0.00 | 0.00
8070 | 195 | 574 | 424 | 000 | 0.00

Figure B-12. ARM (-)100/(+)200 mesh, wet sieved, area distribution, transparent mode

We put science to work.™
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